This study aims to investigate the association of body mass index (BMI), waist circumference (WC), and waist-to-height ratio (WHtR) with chronic kidney disease (CKD).
Introduction
The prevalence of chronic kidney disease (CKD) is substantially increasing over the past decades in many developed and developing countries, representing a global challenge for public health. [1] According to a national survey in China, approximately 10 .8% of adults are suffering from CKD, and possibly at an increased risk for end-stage renal disease (ESRD), cardiovascular disease (CVD), and premature mortality. [2] Patients with kidney failure not only have a poorer life quality but also a huge economic burden for the demands of dialysis and transplantation treatment. [3] Early identification and management of the risk factors related to CKD can delay or alleviate progression to ESRD and cardiovascular complications. [4] Notably, the rise of CKD parallels a rise in the prevalence of obesity in the recent years. [5] Obesity is recognized as a primary risk factor for diabetes, hypertension, and metabolic syndrome, all common risk factors of CKD. [6] [7] [8] Obesity is also reported as a direct contributor for CKD independent of traditional CVD risk factors in other studies. [9, 10] Weight loss is benefit for obese adults with CKD 1 to 4 who are not being treated by dialysis. [4] The mechanism linking obesity and CKD incidence and progression may be related to hemodynamic and hormonal effects, insulin resistance, adipokine, low-grade inflammation, oxidative stress, and endothelial dysfunction.
BMI is a proxy for degree of obesity in epidemiological studies and clinic practice, defining overweight as a BMI of 25 kg/m 2 or greater and obesity as a BMI of 30 kg/m 2 or greater by WHO. [11] The Framingham Heart Study investigated the association between BMI and onset of stage 3 CKD, reporting that obese people had a 68% increased odds of developing stage 3 CKD, although the relationship was mediated by other CVD risk factors. [12] Several prospective studies have suggested that high BMI is associated with the increased risk of ESRD in Japanese men and Americans. [13, 14] Central obesity defined by waist circumference (WC) is reported to increase CKD risk regardless of BMI in a cohort study. [15] Reports from the Atherosclerosis Risk in Communities (ARIC) Study and This paper has not been published elsewhere; it is not being considered for publication elsewhere; and that it has been submitted with the full knowledge and approval of the institution or organization given as the affiliation of the author (s). The authors have no conflicts of interest. the Cardiovascular Health Study (CHS) demonstrated that waistto-hip ratio (WHR), but not BMI, was positively correlated with a greater risk of incidence of CKD and mortality among individuals with stage 3 to 4 CKD. [16, 17] In addition, cross-sectional studies have suggested that waist-to-height ratio (WHtR) is superior to WC as well as being superior to WHR in the discrimination of CKD and CVD risk factors in regional populations. [18, 19] The classifications of obesity and central obesity vary across studies, genders, racial/ethnic, and diverse populations; it remains controversial, which is the simple and best index of obesity for predicting CKD among Chinese adults. In the present study, we determined the associations between different obesity indices, including BMI, WC, WHtR, and the presence of CKD, in particularly explored the relationships by sex and age groups in a large population-based cross-sectional study.
Methods

Study population
This cross-sectional study was conducted in 7 health examination centers, a completed national health survey aimed to determine the prevalence and related risk factors of chronic diseases in Chinese urban adults. The design, methods, and results of the study have been described in a previous study. [20] The 2-stage cluster sampling method was used to, first selected 7 cities according to geographical region and economic development (North: Beijing, Shijiazhuang, and Changchun; South: Chongqing, Changsha, Hangzhou, and Chengdu), and then randomly selected 1 local representative health examination center from each city. A total of 123,629 subjects (78,142 men and 45,487 women) who participated in annual health check programs between 2008 and 2009 were included in this study. Participants were excluded if they did not have information on participant demographics; personal characteristics, including weight, height, and WC; clinical characteristics, including blood pressure, blood glucose, lipid concentrations, uric acid, serum creatinine, and proteinuria. Subjects who reported a history of cancer or pregnancy or lactating were also excluded (details in Fig. 1 ). The Ethical Committee of the Chinese People's Liberation Army General Hospital and National Research Institute for Family Planning approved the proposal of this study and all participants gave informed written consents.
Measurements
All participants underwent anthropometric measurements in barefoot and light clothing. Body weight (measured to the nearest 0.1 kg) and height (measured to the nearest 0.1 cm) were collected and BMI was calculated by dividing weight (kg) by height squared (m 2 ). WC (measured to the nearest 0.1 cm) was collected midway between the inferior margin of the last rib and the crest of the ilium in a horizontal plane. WHtR was calculated by WC (cm) divided by height (cm). Blood pressure was recorded using a recently calibrated electronic sphygmomanometer in the supine position with the right arm after 5 minutes rest. The anthropometric measurements were conducted by trained staff and standardized protocols. Blood samples were obtained after an overnight fast for measurement of blood glucose, total and high-density lipoprotein cholesterol (HDLcholesterol), triglycerides, blood urea nitrogen (BUN), uric acid, and serum creatinine. Low-density lipoprotein cholesterol (LDLcholesterol) was calculated using the Friedewald formula: LDL-C (mmol/L) = TC -[HDL-C +TG/2.2]. Serum creatinine was measured using Jaffe kinetic method. Urine protein was detected by dipstick method. GFR was estimated with an equation developed by adaptation of the Modification of Diet in Renal Disease (MDRD) [2] for Chinese people: eGFR (mL/min/1.75 m
À1.234 Â age -0.179 Â 0 79 (if female). All blood samples were analyzed at a local laboratory in each city rather than a central laboratory. Because all the laboratories were affiliated with a top tertiary hospital and completed a standardized and certificated method for blood test, these results have been widely considered comparably across laboratories in China.
Definition
CKD was defined as an eGFR <60 mL/min/1.73 m 2 or urine protein positivity (proteinuria) ≥1+ with dipstick testing. This definition is similar to that used in a recently published study. [21] Hypertension was defined as a systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg or physiciandiagnosed hypertension. Diabetes was defined as a fasting plasma glucose ≥7.0 mmol/L or physician-diagnosed diabetes. Dyslipidemia was defined as a total cholesterol levels ≥6.22 mmol/L and/ or fasting triglycerides levels ≥2.26 mmol/L and/or LDL cholesterol levels ≥4.14 mmol/L and/or HDL-cholesterol levels <1.04 mmol/L.
Statistical analysis
Continuous variables were expressed as mean ± standard deviation (SD), and categorical variables as percentages where appropriate. Differences between groups were examined by Student t test or analysis of variance (ANOVA) for continuous variables and by Chisquare test for categorical variables, respectively. Correlations of anthropometric measurements witheGFRandmetabolicparameter were examined by using Pearson correlation coefficients. The receiver operating characteristic (ROC) analysis was used to compare predictive validity and to determine the appropriate cutoff values for 3 obesity indices according to men and women. An area under ROC curve (AUC) of 1 indicates perfect prediction and an AUC of 0.5 indicates no predictive power of the test. The optimal cut-off point was defined as the point on thecurve where maximizing Medicine the sum of sensitivity and specificity, and both sensitivity and specificity are more than 50%. The differences between the AUCs for BMI, WC and WHtR, and their 95% confidence interval (CI) were estimated by using the methods developed by Delong et al. [22] We also examined the independent associations between obesity indices and CKD by applying logistic regression models with adjustment for potential confounders, including age, hypertension, diabetes, and dyslipidemia. The anthropometric variables were modeled as continuous variables to calculate the odds ratios (ORs) per unit size of change in respective indicator (unit size for BMI: 5 kg/ m 2 ; for WC: 10 cm; for WHtR: 0.05). In addition, multivariate logistic regression models were explored using CKD as the dependent variable and obesity indices as predictors corresponding to the Chinese recommended cutoff values (BMI ≥24 kg/m 2 , WC ≥85 cm for men and ≥80 cm for women, and WHtR ≥0.5 for both sexes), with the normal subjects as the reference. [23] All statistical inference is based on 95% CIs and 5% P values. Data analyses were carried out using SPSS version 19.0 (IBM Inc, Chicago, IL) and Medcalc 11.4 (MedCalc Software, Mariakerke, Belgium).
Results
The general and clinical characteristics of study participants by sex and age groups are listed in Table 1 . The values of BMI, WC, 
3.6 ± 1.9 3.9 ± 2.0 3.9 ± 1.9 3.4 ± 1.9 3.3 ± 1.9 3.7 ± 1.9 TG, mg/dL * , ‡ 2.3 ± 1.7
3.1 ± 1.9 3.2 ± 2.0 3.0 ± 1.9 3.1 ± 1.8 BMI= body mass index, BUN= blood urea nitrogen, CKD= chronic kidney disease, DBP= diastolic blood pressure, eGFR= estimated glomerular filtration rate, FBG= fasting blood glucose, HDL= high-density lipoprotein cholesterol, LDL= low-density lipoprotein cholesterol, SBP= systolic blood pressure, SUA= serum uric acid, TC= total cholesterol, TG= triglycerides, WC= waist circumference, WHtR= waist to height ratio. * x ± SD (all such values). † Significantly different from women within an age group, P < 0.001. ‡ Significantly across age groups in men and women, P < 0.001.
He com WHtR, SBP, and DBP increased with age. Levels of FPG, TC, TG, LDL-C, SUA, BUN, and serum creatinine were significantly greater for older groups, whereas HDL-C was significantly greater for younger groups (P < 0.001). The prevalence of CKD, diabetes, and hypertension increased with age in both sexes.
Compared with women, a higher percentage of men had CKD and other CVD risk factors, including diabetes and hypertension (P < 0.001).
Negative Pearson correlation coefficients were identified between eGFR and BMI, WC, or WHtR. Also, negative correlations were seen between HDL-C and each obesity index in both men and women. The positive correlations existed between other metabolic parameters, including SBP, DBP, FPG, TC, TG, LDL-C, and either BMI, WC, and WHtR. For most metabolic parameters, a substantially stronger correlation with WHtR was observed in men and women. Generally, the correlations between anthropometric measurements and metabolic parameters were stronger in women than in men ( Table 2) .
The area under the ROC for BMI, WC, and WHtR in relation to CKD is presented in Table 3 . WHtR showed the largest AUCs for CKD in both sexes, followed by WC and BMI. For men, the optimal cutoff values were 25.4 kg/m 2 for BMI, 87.5 cm for WC, and 0.52 for WHtR. At these cutoff points, the sensitivity and specificity were 50.3% and 59.7% for BMI, 50.3% and 59.7% Table 3 Estimates of AUCs of obesity indicators for CKD stratified by sexes and age groups. (Fig. 2) . After stratified by age groups, AUC for the relationship between WC and CKD was significantly larger than those for BMI and WHtR in younger and middle age groups, whereas AUCs for WC and WHtR were significantly larger than that for BMI in older age groups.
AUC
The multivariate-adjusted ORs and 95% CIs for the presence of CKD according to per unit size of different obesity indices for both sexes are summarized in Table 4 . For men, higher levels of BMI, WC, and WHtR were positively associated with CKD after adjusting confounders, including age, hypertension, diabetes, and dyslipidemia. For per unit size change, the multivariable-adjusted ORs of CKD were 1.19 (95% CI, 1.13-1.25) for BMI, 1.12 (95% CI, 1.08-1.16) for WC, and 1.13 (95% CI, 1.10-1.17) for WHtR among men, respectively. The corresponding age-adjusted ORs among women were 1.16 (95% CI, 1.08-1.25) for BMI, 1.17 (95% CI, 1.09-1.24) for WC, and 1.14 (95% CI, 1.08-1.19) for WHtR; however, these associations become nonsignificant in multivariable models. Further analyses were performed with the full sample divided into 3 age groups: 39 years old, 40∼59 years old, and ≥60 years old. The correlations between obesity indices and CKD in subgroups remained similar as that observed in the whole group for men and women, except for the inverse association between either BMI or WHtR and the presence of CKD in the age group of 18 to 39 years for women.
Using the cutoff values of BMI, WC, and WHtR recommended in China, WHtR or WC was superior in the association with CKD than BMI for men and women in the whole group, and the recommended cutoffs of all obesity indices provided higher ORs of having CKD for women than men (Table 5) . After stratified by age groups, men aged 39 years who were overweight or central obesity, or had a WHtR ≥0.5 had a significantly greater odds of CKD than normal subjects, whereas the associations were not significant for women with the same age range. In contrast, women aged 40 to 59 years had an increased odds of CKD according to the well-established cutoffs, whereas the relationships were nonsignificant for men in the same age group. For men aged ≥60 years, BMI, WC, and WHtR appeared to increase the odds of CKD. There was a positive association between BMI and CKD for women aged ≥60 years; however, the relationship between WC and WHtR and CKD did not achieve statistical significance on multivariate analyses. The association between obesity indices and eGFR <60 mL/min/1.73 m 2 was also analyzed, and the results were similar (Supplemental Tables 1-3 , http://links.lww.com/MD/B33).
Discussion
Results of this large study, which could represent the general population of Chinese urban adults, demonstrated that increasing levels of obesity indices were associated with an increased odds for CKD per unit size of change according to BMI, WC, and WHtR, respectively. In the age-stratified analyses, the results in the subgroups were similar as that observed in the whole group, except for the inverse association between either BMI or WHtR and the presence of CKD for women aged 18 to 39 years. Our study also supported that central obesity defined by WHtR was more closely correlated with CKD than BMI for men, and WC was more close to CKD for women corresponding to the Chineserecommended cutoff values.
Our results demonstrated that obesity was positively associated with the presence of CKD, which is in agreement with earlier studies. [9, 12] In a cohort of 22,071 healthy male physicians with 14 years of follow-up, baseline BMI was associated significantly with an increased risk for CKD, with an OR of 1.45 (95% CI 1.19-1.76) in the highest quintile compared with those in the lowest. [9] The Framingham Heart Study prospectively investigated the association between BMI and the incidence of stage 3 CKD over the 18.5-year period, and found that obese subjects were 1.68 times more likely to have CKD, which was greatly attenuated after adjusting potential confounder. But this study showed that BMI was an independent risk factor for incident dipstick proteinuria in the multivariable models. [12] Some researches indicated the sex-specific difference between BMI and kidney disease in Asians. [13, 24] In a health examination survey, obese men had a 56% increased risk of developing proteinuria, but obesity did not increase the risk for women. [24] Similar findings were observed that BMI increased the risk of ESRD in men, but not women in a community-based cohort. [13] However, the sex-specific differences were not noted in Caucasians. [25] Our results confirmed positive associations between obesity indices, including BMI, WC and WHtR, and CKD among Chinese men and women aged older than 40 years.
The present study indicated that either increased BMI or WHtR was associated with a decreased odds of CKD among women aged 18 to 39 years after adjusting for potential confounders. Data from ARIC Study and CHS found that elevated BMI was protective for CKD and subsequent mortality in US adults. [17] In a cohort study of 101,516 Japanese men and women, BMI was inversely associated with the risk of ESRD in women but not in men. [26] It has been well estimated that men have a higher risk of developing kidney diseases, and were more likely to have kidney diseases at younger age than women. [27] The reason for the sex-specific association is possibly due to the Table 4 Age-and multivariate-adjusted odds ratios for CKD according to per unit size of different obesity indices in men and women. 
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Medicine different exposure to hormones (especially estrogen) for premenopausal women and men. The association between obesity and CKD in women may be mediated by estrogen through multiple biological pathways, including regulating the rennin-angiotensin-aldosterone system, decreasing angiotensin type I receptors, and reducing angiotensin-converting enzymes, which play a role in vasculature and kidney functions. [28] The other possible reason is that women in the 18 to 39 years age group were relatively lean than men and women older than 40 years, and this group may be most vulnerable to underweight, which is also a risk factor for adverse health outcomes. Further studies are necessary to explore these relationships.
BMI does not discriminate between fat mass and muscle mass, or does not reflect fat distribution; therefore, individuals who are exceptionally muscular could be misclassified as obese on the basis of BMI alone. It is increasingly recognized that measures of central obesity, such as WC and WHtR, were more important than total fat mass, representing a substantially greater risk of cardiovascular and kidney disease. [15, 20] WC has been found to correlate more strongly with visceral fat than BMI in those with nondislysis CKD. [29] WHtR has a good agreement with abdominal and visceral fat in comparison to computed tomography (CT) scan. [30] Current studies have reported that WC and WHtR were potentially better indicators to assess CKD risk in individuals regardless of BMI. [15, 19, 31] Our data also suggested that central obesity measured by WC and WHtR had a significantly greater association with CKD. WHtR especially showed a stronger association with CKD as indicated by slight larger AUCs, which was in agreement with other studies in this field. [18, 19] Obesity, especially central obesity, is often coexisted with multiple CVD risk factors suggested as the common causes for CKD, such as diabetes, hypertension, and metabolic syndrome. [6] [7] [8] Several plausible mechanisms have been suggested to explain the associations. Obesity may increase single nephron perfusion and intracapillary perfusion pressure that contributes to glomerulosclerosis and loss of GFR over time. [32] Obesity is strongly associated with secretion of pro-atherogenic and inflammatory cytokines with adverse renal effects, such as adiponectin, leptin, interleukin-6, tumor necrosis factor (TNF)-a, and adipokines as well as oxidative stress, which results in increased urinary albumin excretion and therefore contributes to the development of CKD. [6, 33] It is also evident that reversal of obesity improves kidney function; thus, weight loss is effective and cost-effective for disease prevention/treatment in obese patients. [34, 35] There is no consensus on the appropriate definition of WC to access CKD risk because different cutoff points are required for different ethnicities. Our earlier study reported cutoffs for WC to predict CVD risk and found that WC is more likely to be influenced by sex, age, and other factors. [20] However, the use of WHtR is simple and recommended. [36] WHtR, taking into account the effects of both WC and body height, has been suggested to have the highest association with all CVD risks in a number of studies, with the optimal cutoffs within a narrow range of 0.48 to 0.52. [37] The present data showed that the best WHtR cutoff point for the development of CKD was 0.50 cm for both men and women. Two studies reported that WHtR showed a greater discriminatory capability to identify CKD than BMI, WC, and WHR in the Oriental population. [19, 38] A populationbased study consisted of participants from south Asian, African, and European, and supported global use of WHtR in relation to CKD across ethnic groups. [39] Our study has several important strengths. We investigated the associations between obesity indices and CKD on the basis of a nationally representative sample, which included more than 100,000 urban adults living in North and South China with a wide age range between 20 and 109 years. Our data showed broadly comparable and reliable for the definitions of BMI, WC, and WHtR. In addition, the standard protocols for anthropometric measurements and laboratory test by trained medical staff reduced the potential biases and measurement errors. There are also several limitations: First, the cross-sectional study design limited a causal association between obesity indices and CKD risk. Additional prospective studies will be needed to evaluate the reproducibility of general and central obesity to predict kidney damage and cardiovascular outcomes. Second, single measures of creatinine and dipstick measurements of urinary protein might have resulted in the misclassification of kidney function. However, our participants were apparently healthy people undergoing health examinations; these values were more likely consistent with kidney function. Third, quantitative data of urinary albumin were lacking in our study. We were unable to estimate the prevalence of albuminuria that is important for the development of kidney disease. Fourth, our study participants were generally from urban areas and had a higher economic level; therefore, the prevalence of CKD may have been overestimated. Finally, data on dietary or medication were lacking in our study, which were important factors for obesity parameters (BMI, WC/ WHtR) and CKD incidence. However, our study was based on a very large sample size including more than 100,000 adults; thus, the distributions of personal characteristics were more likely to be random and less likely to materially change the results.
Although these limitations exist, this is the first multicenter, large-scale, population-based research to indicate that obesity was associated with an increased odds for CKD in men and women. Central obesity measures, including WC and WHtR, may be more closely correlated with CKD for Chinese urban adults. WHtR has advantages in terms of consistency of thresholds, which is recommended as a routine screening tool in clinical practice.
